In this study, we investigated whether slow breathing reduces blood pressure (BP) in individuals at risk of developing hypertension and if slow breathing has the same effect on Caucasian, African, Arabian and Indian subjects. Also we assessed ethnic/racial differences in low frequency (LF) power and high frequency (HF) power of heart rate variability (HRV). A total of 40 Caucasian men from Ukraine, 39 West African men mostly from Nigeria, 38 Arabic men from Palestine and Israel and 41 South Asian men from India studying at V. N. Karazin Kharkiv National University were recruited in this study. The subjects were further classified into normotensive and prehypertensive groups. Heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP), LF power, HF power of HRV were recorded at spontaneous breathing and at paced breathing of 10 and 6 breaths per minute. It was found that slowing respiratory rate to 6 breaths per minute reduces SBP in prehypertensive Caucasians, Arabs, Indians, but not in Africans. At 6 breaths per minute, natural logarithm of HF (LnHF) power indicating cardiovagal activity was less in normotensive Arabs than in Caucasians, Africans and Indians possibly suggesting an increased risk of developing hypertension; while prehypertensive Africans demonstrated LnHF power higher than Arabs and Indians. When covariates like age and body mass index (BMI) were considered, prehypertensive Africans demonstrated LnHF power higher than in Caucasians also. It is suggested that in prehypertensive Africans the control of autonomic nervous activity is reset to a higher level of parasympathetic outflow.
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Introduction
A dysregulation of the autonomic nervous system (ANS) causes loss of homeostasis, leads to pathology and underlies virtually every disease, including hypertension. Therefore, assessment of autonomic nervous system activity is vital for healthy subjects 1 
and in individuals developing
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hypertension.
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Ethnic/Racial differences in predisposition to hypertension are widely documented in the literature showing high prevalence of hypertension in African-Americans, black Africans, and Arabs. [2] [3] [4] [5] [6] [7] However, data regarding the prevalence of hypertension in South Asians are controversial, unlike the results concerning to the high prevalence of coronary heart disease (CHD) in this population. 8 It has been demonstrated that slowing breathing to 6 breaths per minute can reduce blood pressure (BP) in hypertensive patients, patients with chronic heart failure, and patients with chronic obstructive pulmonary disease, but not in normotensive control subjects. [9] [10] [11] The mechanism through which the reduction of respiratory frequency decreases blood pressure may be associated with the reduction of sympathetic traffic by enhancing central inhibitory rhythms or/and enhancing the baroreflex. However, prevention is better than cure, and it remains unclear whether slow breathing affects blood pressure (BP) in subjects developing hypertension in different ethnic/racial populations.
Currently, heart rate variability (HRV) is a widely used tool for the evaluation of ANS contribution in the cardiac function in health and disease. [12] [13] [14] The spectral power of high frequency (HF) of HRV oscillations is widely accepted as a measure of the cardiac vagal activity, meanwhile an interpretation of the spectral power of low frequency (LF) is more controversial. [12] [13] [14] In the present study we investigated whether the slow breathing reduces blood pressure in individuals developing hypertension and if the slow breathing has the same effect on Caucasian, African, Arabic, and Indian subjects. The second aim was to test for possible effect of ethnicity/race on HRV in normotensive and prehypertensive subjects at spontaneous and slow breathing. 
Materials and Methods

Subjects
Study design
After stabilization the participants were allowed to breathe spontaneously in the supine position during baseline stage, followed by 0.17-Hz (10 breaths per minute) slow breathing stage, during which the participants were instructed to control their breathing according to the audio signals generated by paced breathing test software for HRV analysis (CardioLab CS, XAI-Medica, Ukraine) 16 and to breathe as comfortably and effortlessly as possible. The durations of the inspiratory and expiratory phases were set at 1:1. The next test, composed of the spontaneous breathing stage and 0.10-Hz (6 breaths per minute) slow breathing, was separated from previous one by 30 min interval. All subjects have undergone four stages each of 5 min duration.
HRV and blood pressure (BP) measurements
ECG from three standard leads was continuously recorded using a digital 12-channel ECG amplifier with a sampling frequency 1000 Hz (CardioLab 2010, XAI-Medica, Ukraine). 16 The systolic blood pressure (SBP) and diastolic blood pressure (DBP) were determined using the automatic blood pressure digital sphygmomanometer (Nissei WS-1011, Nihon Seimitsu Sokki Co., Ltd, Japan). Blood pressure was measured at 4.5 minute of each of the four stages. Since HR, BP, HRV indices were recorded twice at spontaneous breathing, the average of two measurements was used in the analysis.
Heart rate variability was assessed in the frequency-domain analysis by means of a nonparametric method of fast Fourier transformation. Interpreting spectral power, we proceeded from the assumption that HF power received from high frequency oscillations ranging from 0.15 to 0.40 Hz is a measure of the cardiovagal outflow, [12] [13] [14] and LF power computed from low frequency oscillations ranging from 0.04 to 0.15 Hz is the baroreflex-mediated index of cardiac autonomic regulation. 13 
Statistical analysis
Data are presented as means±SE. Three-way repeated measures MANOVA with Ethnicity/Race and HT as between-groups independent variables and breathing frequency as a repeated-measures within-groups independent variable was used to test for possible effects of ethnicity/race, HT, breathing frequency, and their interaction on HR, SBP, DBP, LnHF power, LnLF power. To meet the repeated measures MANOVA assumptions the outcome variables that were not normally distributed were naturally log-transformed (LF power and HF power). Three-way repeated measures MANCOVA was used to test for possible ethnicity/race, blood pressure category, and breathing frequency effects after adjusting for age and BMI. The simple effects were tested by means SPSS command syntax with Bonferroni correction. Statistical analysis was performed with the SPSS statistical program, version 22. 
Results
Effect of slow breathing on heart rate
Slowing respiratory rate to 10 breaths per minute (br/min) led to a significant increase in HR (HR10) compared with spontaneous breathing (HRsp) in all the normotensive and prehypertensive groups with the exception of prehypertensive Africans (Table 1) . However, slowing respiratory rate to 6 breaths per minute led to a significant increase in HR (HR6) in all the prehypertensive groups and in normotensive Indians, but not in the other normotensive groups.
At respiratory rate of 10 breaths per minute HR was significantly less in prehypertensive Africans than in prehypertensive Arabian and Indian groups (Table 1) .
There were no significant differences in HR between normotensives and prehypertensives.
Effect of slow breathing on blood pressure
Slowing breathing to 10 breaths per minute led to a significant reduction in SBP (SBP10) compared with that at spontaneous breathing (SBPsp) in normotensive Indians only (Table 1) . However, paced breathing at 6 breaths per minute reduced SBP (SBP6) only in prehypertensives, with the exception of Africans demonstrating the similar trend but without significant differences (Table 1) .
Unlike systolic blood pressure, the diastolic blood pressure did not change significantly with the respiratory rate variations in either normotensive or prehypertensive group at any respiratory rate of slow breathing (Table 1) .
The normotensive Indian group demonstrated SBP less than normotensive Caucasians and Africans at the respiratory rate of 10 breaths per minute and prehypertensive Indians had DBP significantly higher than prehypertensive Caucasian group at spontaneous breathing (DBPsp) ( Table 1) .
Effect of paced breathing on LF power and HF power
At 6 breaths per minute LnLF power (LnLF6) was significantly higher in all the groups compared with that at spontaneous breathing (LnLFsp) and at 10 breaths per minute (LnLF10). In addition, in normotensive Arabs and prehypertensive Caucasians LnLF10 was significantly less than LnLFsp (Table 1) . No ethnic/racial differences in LnLF power were found at spontaneous and paced breathing.
Similarly, slowing breathing frequency to 10 breaths per minute led to a significant increase in LnHF power (LnHF10) in normotensive ( Fig 1A) and prehypertensive (Fig 1B) groups.
In the normotensive Arabic group LnHFsp was less than in normotensive Caucasians and Africans, LnHF10 was less than in Indians, and LnHF6 was less than in all the other normotensive groups at high significant level (Fig 1A) . Prehypertensive Africans had LnHFsp and LnHF10 higher than prehypertensive Arabs (Fige 1B). However, LnHF6 in prehypertensive Africans was higher compared with Arabic and Indian men (Fig 1B) There were no significant differences between normotensive and prehypertensive counterparts in LnLF and LnHF power.
Discussion
Effect of paced breathing on HF and LF power
In the current study we proceeded from the widely accepted assumption that HF HRV power reflects cardiovagal activity [12] [13] [14] and from the hypothesis that that LF HRV power is a measure of baroreflexmediated regulation of the autonomic outflow. 13 In agreement with previous studies we have demonstrated that the slow breathing greatly affected both HF power and LF power, such that slow breathing at respiratory rate of 6 breaths per minute significantly increased LF power while slow breathing at 10 breaths per minute largely increased HF power [17] [18] [19] in all the groups. So, according to ours and previous studies, it is obvious that respiration not only is the major contributor to the genesis of the HF peak in the HRV power spectrum indicating cardiovagal outflow, but also strongly influences LF power, possibly reflecting the baroreflex-mediated regulation of cardiac autonomic outflows 13 at respiratory rate of 6 breaths per minute and/or sympathetic outflow 17, 18 contributing into respiratory sinus arrhythmia.
Effect of paced breathing on HR
The current findings indicated a significant increase in HR in all the groups (with the exception of the prehypertensive Africans) at 10 breaths per minute and in all the prehypertensive groups at 6 breaths per minute. These data are in partial agreement with previous studies in that slowing of breathing frequency to 6 breaths per minute did not influence significantly HR in normotensive subjects 9, 10, 18, 19 and has a greater chronotropic effect in hypertensive individuals. 17 However, the significant increase in HR in hypertensive subjects at 6 breaths per minute was not observed in previous reports. 9 Similarly, previous studies did not report a significance increase in HR in either normotensive 18, 19 or hypertensive group at 10 breaths per minute found in the current study. The conflicting results may be attributed to the different stages of hypertension, age, position, technique of respiration modulation. On our knowledge, effect of slow breathing was not evaluated in prehypertensives, moreover in the light of ethnic/racial differences.
An increase in HR despite a marked increase in HF power representing cardiovagal outflow in response to slowing breathing to 10 breaths per minute may be explained partially by the fact that the LnHF power reflected cardiovagal variations within the respiratory cycle but does not alter the net tonic level of parasympathetic outflow. 19 Similarly, an increased HR in prehypertensives at 6 breaths per minute and the markedly increased LF power, possibly indicates that LF power reflects distribution of the baroreflex modulation and/or sympathetic influences within the various phases of the respiratory cycle.
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Effect of slow breathing on BP
Our data have indicated that paced breathing at 10 breaths per minute influence SBP in neither normotensive nor prehypertensive groups (except normotensive Indians). However, slowing breathing rate to 6 breaths per minute led to a significant reduction in SBP in prehypertensive groups with the exception of Africans. These findings are in agreement with those in previous studies, indicating a significant effect of slow breathing on SBP in hypertensive patients, 9 but not in normotensive subjects. 9, 10, 18 Taking into account the hypothesis indicating that LF power is a measure of baroreflex-mediated modulation of cardiac autonomic outflows, 13 and also data from previous studies demonstrating that slow breathing improves baroreflex sensitivity in both normotensives and hypertensives, but reduces sympathetic outflow in hypertensive patients only 9 , it is suggested that the increase in LF power and, possibly, baroreflex sensitivity led to the reduction in SBP in prehypertensive subjects.
Ethnic/Racial differences in hemodynamic and HRV indices
Several studies found statistically significant association between high risk of incident hypertension and low HF power, 20, 21 indicating that autonomic disregulation is present in the early stage of hypertension or even precedes the development of clinical hypertension. Despite a high prevalence of hypertension among AfricanAmericans and Black Africans, [2] [3] [4] [5] several studies indicated that people from African descent have greater vagal activity compared with people from European descent, as estimated by means HRV Ann Med Physiol. 2017; 1 (1) analysis. 2, 16, 22 In agreement with these reports the current data revealed that at 6 breaths per minute LnHF power was significantly higher in prehypertensive Africans than in Arabic and in Indian prehypertensive subjects, and when covarying for age and BMI, in prehypertensive Caucasians also. At the same time, the only prehypertensive group that did not show significant reduction in SBP at 6 breaths per minute was the African group. These findings are similar to our previous study, reporting higher LnHF power in African men compared with Arabs only at supine rest, but with Caucasians, Arabs, and Indians in upright position under condition of the decreased venous return. 16 So, the higher cardiovagal activity found at slow breathing in Africans developing hypertension is not associated with BP and does not contribute to the high prevalence of hypertension in Africans.
The normotensive Arabs had LnHF power significantly lower than Africans at spontaneous breathing, lower than Indians at 10 breaths per minute, and lower than Caucasians, Africans, and Indians, at 6 breaths per minute. Little is known about predisposition of hypertension among Arabs; however, a few studies reported that hypertension is prevalent in Arabic population. 6, 7 Previously, it was shown, that Arabs had enhanced pressor response to orthostasis, despite similar baseline BP among Caucasians, Africans and Indians. 16 Possibly, the low cardiovagal activity found in the current study in normotensive Arabs may be relevant to their predisposition to hypertension.
The current findings indicated that the normotensive Indians was the only group demonstrating a significant reduction of blood pressure at 10 breaths per minute and the only normotensive group in which HR increased at 6 breaths per minute compared with spontaneous breathing. In addition, in consistence with previous reports 8, 16 indicating high DBP, low resting SBP and pulse pressure in Indians, it was shown that at spontaneous breathing in prehypertensive Indians DBP was higher than in Caucasians, and at 10 breaths per minute SBP was lower in Indians than in Caucasians and in Africans. Since, in agreement with previous studies we did not find significant differences in HRV indices between Indians and Caucasians and between Indian and African subjects, 16, 23 the differences in the response to slow breathing and blood pressure cannot be attributed to altered autonomic regulation, but possibly might be related to reduced capillary density, or, rarefaction, reported for healthy normotensive individuals of South Asian origin. 24, 25 Further study of this population would elucidate this matter.
Conclusion
In summary, it was found that slowing respiratory rate to 6 breaths per minute reduces SBP in developing hypertension Caucasian, Arabic, and Indian subjects but not in Africans. At 6 breaths per minute, prehypertensive Africans demonstrated cardiovagal outflow higher than in prehypertensive Arabs and Indians, when covarying for age and BMI, higher than in Caucasians also, suggesting that the control of autonomic nervous activity is reset in Africans to a higher level of parasympathetic outflow. At the same time, in normotensive Arabs cardiovagal outflow was less than in normotensive Caucasians, Africans, and Indians, possibly suggesting an increased risk of developing hypertension.
Limitations of the study
A limitation of the study is that the physical activity of participants' daily life was not accounted for the interpreting the effect of slow breathing on the change in SBP and DBP. Although accounting for Physical Activity of (daily) Life Index is ideal, all subjects were recruited from the student population of the V. N. Karazin Kharkiv University, they were of the similar age, had similar education level and lifestyle. In addition, BMI as a rude surrogate of physical activity was taken into account and used a covariate.
